In a substudy to a recently reported investigation that demonstrated the benefit of immunoglobulin adsorption (immunoadsorption) for patients with idiopathic dilated cardiomyopathy (IDC), we tested whether this benefit is associated with a reduction of oxidative stress. BACKGROUND The progression of cardiomyopathy is believed to be related to the increase of oxidative stress.
The benefit of immunoglobulin adsorption (immunoadsorption) for the elimination of cardiac-specific autoantibodies in patients with dilated cardiomyopathy was recently reported. Müller et al. (1) found that cardiac performance and clinical status improved one year after a cycle of
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immunoadsorption, which was performed on five consecutive days. Improved hemodynamics after immunoadsorption, which was combined with subsequent immunoglobulin G (IgG) substitution, was demonstrated by Felix et al. (2) , who performed immunoadsorption in four courses, at one-month intervals, until month 3.
However, heart failure is associated with increased oxidative stress (3) (4) (5) (6) (7) (8) (9) , the extent of which correlates positively with the class of heart failure (6, 7, 9) and negatively with cardiac performance (4) . Therefore, oxidative stress is believed to be involved in the development and progression of heart failure (10, 11) . Consequently, beneficial treatment, such as immunoadsorption, which improves cardiac performance and clinical status (1, 2) , could result in the reduction of oxidative stress that might contribute to the therapy benefit. To test this hypothesis, which would substantiate a close relationship between oxidative stress and heart failure, we compared in a substudy to Müller et al. (1) the prestudy and one-year levels of plasma markers for oxidative stress in patients with idiopathic dilated cardiomyopathy (IDC) treated with immunoadsorption according to Müller et al. (1) versus conventionally treated patients.
METHODS

Patient characteristics.
In the present study, we analyzed plasma samples that were collected from patients with IDC who were characterized by Müller et al. (1) with regard to the effects of immunoadsorption versus conventional treatment on cardiac performance and clinical status.
From the 32 patients with IDC who finished the Müller et al. study (1) , we included 31 patients (mean age: 47.8 Ϯ 10.3 years; range: 21 to 61 years, men: 29; women: 2) in our study. One patient was excluded owing to a hemolytic prestudy sample. All patients were accepted as candidates for heart transplantation and had New York Heart Association (NYHA) functional class II or worse, left ventricular ejection fraction (LVEF) Ͻ0.29, left ventricular internal diameter in diastole (LVIDd) Ͼ64 mm and evidence for cardiac-specific autoantibodies indicated by the presence of anti-beta1-adrenoceptor autoantibodies (anti-beta1A-AB). There was no evidence of coronary artery disease or any other cardiac disease. Exclusion criteria were atrial fibrillation, infectious diseases, alcohol-induced cardiomyopathy, previous allergic reaction to sheep Written, informed consent was obtained from all patients. The study protocol was approved by the Human Ethics Committee of the Humboldt University of Berlin, Germany. Medical treatment. At baseline, medical treatment for heart failure was standardized in that all patients were administered maximal tolerated dosages of angiotensinconverting enzyme (ACE) inhibitors, digitalis, diuretics and oral anticoagulants. In addition, patients were treated with the beta-blocker bisoprolol for the first time. Dosage adjustments were made to achieve a systolic blood pressure of 100 to 110 mm Hg and a heart rate of 60 to 80 beats/min within three months. All patients received a daily supplement of a moderate dose of vitamins, minerals and trace elements (OrthoCorPlus; Orthomol, Langenfeld, Germany). Extracorporeal immunoglobulin adsorption, measurement of anti-beta1A-AB and echocardiographic evaluation. For the immunoadsorption, which was performed according to the established method of low-density lipoprotein (LDL) elimination, adsorption columns containing polyclonal anti-human immunoglobulin antibodies produced in sheep (12) were used. Immunoadsorption was performed on five consecutive days, and serum IgG levels were monitored. To eliminate anti-beta1A-AB with an acceptable risk of infection, immunoglobulin G (IgG) reduction to Ͻ120 mg/dl was planned.
For the measurement of anti-beta1A-AB, a bioassay recently described by Wallukat et al. (13) was used.
Transthoracic echocardiography was performed according to the guidelines of the American Society of Echocardiography (14) . (For more details, see Müller et al. [1] ). Sampling and measurement. As markers for oxidative stress, we determined the levels of thiobarbituric acidreactive substances (TBARS) (15) , lipid peroxides (LPO) (PerOx; Immundiagnostik, Bensheim, Germany) (16), antioxidized low-density lipoprotein-autoantibodies (antioxLDL-AB) (oLAb Elisa; Biomedica, Wien, Austria), thiol groups (17) and vitamin E (18) in venous plasma samples (anticoagulated with 14,300 U/l heparin) collected prior to the study and after one year.
To avoid unspecific marker changes by in vitro oxidation, especially relevant to TBARS, LPO and thiol groups, and to guarantee high precision in the analytical procedures, adequate conditions for sampling, storage and measurement were ascertained in prestudy experiments. Using the findings of these experiments, samples and aliquots were prepared under a nitrogen atmosphere, immediately frozen and stored in liquid nitrogen until measurement. Both the prestudy and one-year sample of each subject of both groups were handled identically and-for high precision-analyzed in parallel. Statistical analysis. Data are expressed as mean Ϯ SD. A log-transformation was applied to stabilize the variance. A two-way repeated-measures analysis of variance (ANOVA) was used to test for effect of time, group and their interaction followed by the Student t test for paired and unpaired
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RESULTS
Oxidative stress in patients with IDC one year after immunoglobulin adsorption. The prestudy and one-year levels of indicators for oxidative stress were widely scattered in both patient groups, as shown by their SD (Fig. 1) . However, there were no significant group-specific differences prior to the study. Two-way ANOVA for analysis of the overall effect of group allocation and repeated measures on the markers for oxidative stress revealed significant time effects but no interaction effects for TBARS (p ϭ 0. Oxidative stress versus NYHA functional class and cardiac performance. Prior to the study, a significant inverse correlation of anti-oxLDL-AB to LVEF was calculated for the complete population of patients ( Fig. 2A) . After one year (Fig. 2B, C ) the best correlations were found for TBARS to NYHA functional class and inversely for LPO to LVEF. Additionally, the anti-oxLDL-AB changes over the study period correlated inversely to LVEF and directly to LVIDs changes.
DISCUSSION
To our knowledge for the first time in humans, we demonstrated that improvement of cardiac performance and clinical status in heart failure, such as shown after immunoadsorption (1), is in parallel associated with a reduction of oxidative stress. This was demonstrated by measurement of markers adaptable to clinical chemistry for analysis of oxidative stress in human plasma (19) such as TBARS, LPO, and antioxLDL-AB as indicators for lipid peroxidation; thiol groups, for which a decrease signals thiol oxidation; and vitamin E, an important nonenzymatic plasma antioxidant for which a decrease indicates consumption due to oxidative stress. Oxidative stress in patients with IDC one year after immunoglobulin adsorption. Decreased oxidative stress one year after immunoadsorption was indicated by a lowering of TBARS, LPO and anti-oxLDL-AB, which was not seen in the conventionally treated patients. With respect to anti-oxLDL-AB, immunoadsorption is not antigen selective and could-in addition to anti-beta1A-ABeliminate other IgG class antibodies such as anti-oxLDL- Schimke et al. (4, 6, 7, 9) , which favor regression analysis. Regression analysis was limited by the small range of these parameters in our patients, especially prior to the study, and also by the relatively small number of patients in our study. However, the correlations for oxidative stress, clinical status and cardiac performance, demonstrated in Figure 2A -C, supplement the findings of the other studies (4, 6, 7, 9) . At present, it cannot be decided whether the correlations, which were calculated for the prestudy to the one-year changes of anti-oxLDL-AB and cardiac performance ( Fig.  2D-E) , support a close relationship between the intensity of oxidative stress and the severity of heart failure. For that, investigations must clarify the exact reasons-such as discussed above-for low anti-oxLDL-AB levels one year after immunoadsorption. Potential reasons for reduced oxidative stress after immunoglobulin adsorption. The reasons for reduced oxidative stress in patients with IDC one year after immunoadsorption are unknown. Predisposing events of heart failure, such as mechanical stress, ischemia, intoxication, viral myocarditis, reduced antioxidative defense due to malnutrition and neurohumoral hyperstimulation, are thought to drive myocardial oxidative stress (10, 11) , which can damage-via thiol oxidation and lipid peroxidation-myocardial structures and functions (20, 21) and in this way join the initial pathophysiologic events and the development of heart failure. Because of stimulated myocyte growth, apoptosis and fibroblast proliferation during increased oxidative stress (22) , progression of heart failure could be favored. Reduced mechanical stress, probably reduced inflammation after immunoadsorption together with the vitamin E supplement, may minimize oxidative stress. Furthermore, hyperstimulation of the myocardial beta-adrenergic pathway, which is linked to heart failure (23), could increase the oxygen radical generation by blockade of the electron transport in the mitochondrial complex I (24). Therefore, immunoadsorption of anti-beta1A-AB, believed to be involved in the hyperstimulation of the myocardial betaadrenergic pathway, could reduce oxidative stress. Study limitations. Decreases of plasma indicators for oxidative stress do not inevitably reflect reduced oxidative stress in the heart, which is favorable for an improvement of function. Apart from the myocardium, perhaps poorly perfused peripheral muscles and activated neutrophils may be responsible for the oxidative stress found in plasma. Future studies analyzing myocardial biopsies in parallel to plasma seem to be warranted. Conclusions. Improvement of clinical status and cardiac performance in patients with ICD due to immunoadsorption is associated with a reduction of oxidative stress. This could contribute to the benefit of immunoadsorption in these patients.
